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Abstract: The restoration of degraded forests to enhance biodiversity, ecosystem services, as well
as climate change mitigation and adaptation is now a major priority in cities around the world.
This study evaluated the success of the Buffelsdraai Landfill Site Community Reforestation Project
in Durban, South Africa, by assessing ecological attributes. Measures of plant richness, diversity,
vegetation structure, invasive alien plants (IAPs) and ecological processes were contrasted across a
chronosequence of habitats under restoration (0-year-old, 3-year-old and 5-year-old) and compared
with a reference forest habitat (remnant natural forest). Native tree species recruitment and vegetation
structure increased with restoration age. Ecological processes, represented by the composition of
pollination and seed dispersal traits in all of the habitats under restoration, were similar to the
reference habitat. However, low tree density and an increase in IAP cover with an increase in
restoration age were identified as threats to reforestation success. We recommend enrichment
planting and an effective IAP management strategy to promote more rapid habitat restoration while
reducing site maintenance costs. Enrichment planting should not only focus on increasing tree
species density and richness, but also on the inclusion of species with missing pollination and seed
dispersal categories.
Keywords: ecosystem processes; invasive alien plants; pollination; restoration success; seed dispersal;
species diversity; vegetation structure
1. Introduction
Continuous environmental degradation, presently occurring at alarming rates around the world,
has motivated restoration efforts that aim to enhance biodiversity and ecosystem functioning and
to ensure continued provision of ecosystem services [1,2]. Furthermore, owing to a rapid expansion
of urban populations and the threats of climate change, green infrastructure investment has become
a necessity in large and developing cities across the globe [3,4]. In the quest of creating sustainable
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and resilient cities, governments are investing in the restoration of natural capital to improve human
well-being [3].
An important objective of restoration initiatives is to create an ecosystem that is self-sustaining
and resilient to disturbance [5]. This can be achieved by creating an ecosystem that is closer or more
similar to the former natural habitat (commonly labelled ‘reference habitat’) in terms of plant diversity,
plant traits and functional group diversity [6,7]. Self-sustaining and resilient forest ecosystems are
characterized by a species-rich and multi-layered vegetation structure with key ecological processes
such as litter accumulation, pollination and seed dispersal [8,9]. Assessment of vegetation structure
provides information on habitat suitability for fauna, such as insects, birds, reptiles and small mammals,
and ecosystem productivity [8,10]. Multi-layered vegetation structure protects the forest from natural
hazards [8] such as invasive alien plant (IAP) invasion [11].
Unfortunately, due to insufficient monitoring, the actual number of tree species and their density
in most restoration projects are unknown [12,13]. During the establishment phase, planted trees
may also die; native tree recruitment may fail; and sites can be invaded by alien plants and weeds,
indicating the need for post-planting monitoring and management. Assessing reforestation success
and challenges would provide beneficial insight, which could guide the necessary management
interventions and inform best practices in the future [14,15]. However, most restoration assessments
often focus on species establishment (usually of indicator species), with at least one aspect of ecological
processes necessary for long-term persistence of the ecosystem [16,17]. Furthermore, numerous studies
have shown that the inclusion of a variety of indicators such as vegetation structure, species diversity
and ecological process in assessing restoration success is imperative for comprehensive assessment of
restoration outcomes (e.g., [16,18]).
An understanding of key ecological processes is essential to maximize the efficiency of restoration
processes and managed restored systems (e.g., [19,20]). In this regard, plant litter is considered
to be a valuable indicator to measure as it is a key factor in structuring many plant communities
(e.g., seedling recruitment) due to its ability to modify micro-environmental conditions [21]. Litter that
accumulates on the forest floor forms an essential part of nutrient cycling [22,23], which is necessary
for the long-term stability of an ecosystem [24]. Pollination, fruit production, seed dispersal and
seedling establishment are also key ecological processes ensuring the long-term stability of the forest
ecosystem [25,26]. Pollination has received little attention in restoration studies [17,19]. Pollination
and seed dispersal are dependent on forest fauna such as insects, birds and mammals [27]. In most
forest systems, recovery is limited by poor seed dispersal [28,29], and consequently, seed dispersal is
often assessed by measuring seedling density and diversity (e.g., [29,30]).
Restoration success can be hampered by invasive alien plants due to their competitive growth and
reproductive strategies [31,32]. Challenges posed by IAPs during habitat restoration are encountered
particularly when species invade and establish large populations [32]. High IAP cover can compromise
native seedling establishment [4]. Understanding IAPs’ distribution and expansion following forest
restoration is the initial step towards the development of an effective control strategy and a determinant
of when and where the control strategy should be implemented [33].
The Buffelsdraai Landfill Site, situated within the eThekwini Municipal Area (the municipality
manages the metropolitan region including the city of Durban) (EMA), north of Durban in
KwaZulu-Natal (KZN), South Africa, was formerly under dryland sugarcane cultivation for over
a century and is now under restoration [34]. The restoration is a climate change-driven project,
which aims to offset the carbon footprint associated with the city’s hosting of the 2010 FIFA World
Cup, enhance biodiversity and ecosystem services, and provide socioeconomic benefits to local
communities [34]. The planting commenced in 2009, and since it is still in the establishment phase,
there is a need to assess its success in terms of ecosystem functioning and to recommend the necessary
management interventions to levels of functionality. Using a chronosequence (0-year-old, 3-year-old
and 5-year-old) of land under reforestation, we assessed early progress of forest restoration in terms of
tree species diversity, vegetation structure and ecological processes (e.g., pollination) needed for the
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creation of a self-sustaining, functional forest ecosystem that is resilient to disturbance and the presence
of IAPs. The indicators assessed were compared to the reference (natural forest remnants) habitat
in order to gauge restoration success. Additionally, various recommendations are made for future
restoration planning within the EMA and other forest restoration projects elsewhere in the world.
2. Methods
2.1. Study Area
The study was conducted at Buffelsdraai Landfill Site (29.62961◦ S; 30.980392◦ E), the largest
regional solid waste landfill in KZN, South Africa. The active landfill site is 116 ha and has a buffer zone
of 757 ha of which 580 ha (former low productive dryland sugarcane field) has been planted with over
51 indigenous tree species. An average of 1000 (in the dry habitat) and 2000 (in the wet habitat) tree
saplings per hectare was planted in the wet season, commencing from 2009–2010 (November–February)
to 2014–2015 at a rate of about 100 ha per year [34]. Species were planted randomly, but there
is a lack of record on the number of tree species planted in the 3- and 5-year-old habitats, except
for the 0-year-old habitat that we assessed one month post planting. Furthermore, dead saplings’
replacement was done some months after planting in the 3- and 5-year-old habitat [34]. Therefore,
species richness and diversity results from these two habitats should be interpreted with caution.
The remainder of the buffer zone is characterized by mosaic patches of indigenous forest, woodlands
and grasslands, with almost all of the sites being invaded by alien plants [35]. The vegetation, broadly
classified as KwaZulu-Natal Coastal Belt (grassland and subtropical forest), is highly transformed and
fragmented with little formal protection. The vegetation type as a whole is classified as endangered [36].
The remnants of indigenous forest form part of eastern scarp forest, usually located at an altitude
of 100–1000 m [37], and is described as a refuge forest that survived the last glacial maximum
(≈18,000 BP) [38]. Approximately 15–31% of eastern scarp forest has been lost due to land use change
(e.g., clearing for agriculture) and non-sustainable harvesting of forest products by rural communities,
but it should be noted that this estimate is quite dated [37]. This has resulted in fragmentation between
patches and an increased edge ecotone [39]. The remnants of natural indigenous forest around the
Buffelsdraai Landfill Site were used as a reference habitat, a requirement in reforestation assessment
studies of this nature [16,17].
Prior to the start of this reforestation project, tree species composition of the surrounding forest
patches (reference habitat, 105.8 ha) was assessed to guide the selection of species to be planted in the
restoration site based on the species importance value (after MacFarlane et al. [35]). This restoration
initiative is a community-based forest restoration project, named the ‘Buffelsdraai Landfill Site
Community Reforestation Project’. Tree saplings for planting were supplied by tree-preneurs
(community tree-growers) within the Buffelsdraai, Osindisweni and KwaMashu local communities
(peri-urban areas) who source the seeds from the reference habitat and forest patches within a 50-km
radius of the site (after MacFarlane et al. [35]). These communities are plagued by poverty and
unemployment [40].
The topography of the study area is characterized by undulating slopes (200–325 m in altitude).
A glacial conglomerate parent material that is base rich, hard and resistant to weathering, the Dwyka
Tillite, is the dominant geology within the site [41]. The upland area is characterized by shallower
(20–40 cm) lithosol soil. The soil is probably shallower as a result of higher soil erosion caused by
runoff, exacerbated by cultivation. The lowland area is characterized by deeper (60–110 cm) acrisol
soil. The deeper soil is probably as a result of the deposition of materials from the upper slopes [41].
The upland area is drier, while the lowland area is wetter [41]. As a result, upland and lowland areas
were subjected to different planting densities, 1000 and 2000 trees per ha, respectively [34].
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2.2. Data Collection
Vegetation sampling was done within three habitats under restoration, planted in 2009–2010
(‘5-year-old habitat’), 2011–2012 (‘3-year-old habitat’) and 2014–2015 (‘0-year-old habitat’), and in the
surrounding natural forest patches (reference habitat). The surrounding natural forest patches were
approximately 40, 300 and 250 m from the 0-, 3- and 5-year-old habitats, respectively.
2.2.1. Vegetation Composition and Structure
Microtopographic positions (upland and lowland areas) within a site affect hydrologic
conditions [42]. As a result, within a species, individual tree growth rates may vary significantly [42,43].
To minimize the confounding effects of soil moisture and planting densities, upland and lowland
areas were selected within each habitat under restoration (0-, 3- and 5-year-old) based on a soil survey
done on the entire Buffelsdraai Landfill Site [41] and in the reference habitat, in the upper slopes
and riparian area. Twelve plots of 400 m2 (20 × 20 m) (six plots in both upland and lowland areas)
were randomly established within each restoration and reference habitat for vegetation sampling.
All planted individuals within the habitats under restoration were counted. In the reference habitat,
all trees excluding saplings (individuals with less than a 4-cm stem diameter at breast height) were
counted. Across all habitats, the percentage of tree canopy cover (visually estimated by one person to
avoid estimation bias) and tree height were measured. Tree species within each plot were identified
and assigned to species successional types (pioneer vs. understorey vs. climax) using published
accounts [44,45]. The percentage of herbaceous layer cover (graminoids, forbs and herbaceous climbers)
was visually estimated in four 4 m2 subplots that were established within each plot. Subplots were
located at each cardinal point of the plot, 4 m from the plot boundary. In this study, climbers were
defined as plants that use other plants or objects to support themselves in growing towards sunlight or
into positions that permit attraction of pollinators or seed dispersers [44].
2.2.2. Invasive Alien Plants
Only woody IAPs were considered, since their vigorous growth poses a huge threat to restoration
success [46]. Percentage IAP cover was visually estimated within the subplots. The IAPs present in the
subplots were identified and categorised using the National Environmental Management: Biodiversity
Act (NEMBA), 2004 (Act No. 10 of 2004) Alien and Invasive Species List, 2016 [47], which includes
three invasive alien categories, 1-3.
2.2.3. Ecological Processes
Forest litter accumulation was assessed by measuring litter cover and depth [22,23]. Within each
subplot, the litter percentage of cover was visually estimated. Litter depth was measured to the nearest
millimetre using a ruler.
Pollination and seed dispersal traits for each tree species sampled were determined on the basis of
field observations, herbarium specimens and published descriptions [44,45]. Species were assigned to
either one or a combination of six pollination categories, namely bee, beetle, bird, butterfly, fly or ‘other’
pollination category. The ‘other’ pollination category included species with unknown pollinators
and one wind-pollinated species that was represented by one individual in the reference habitat.
Additionally, species were assigned to either one or a combination of five seed dispersal categories,
namely ballistic, bird, mammal, wind or ‘other’ dispersal category (species with unknown dispersal
agents) [48,49], based on field observations, herbarium specimens and published data [44,45].
To understand the influence of restoration age on native tree recruitment, all woody species
(referred to as seedlings) greater than 0.05 m in height were counted and identified within each subplot
(4 m2).
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2.3. Data Analysis
The upland and lowland areas’ data were analysed separately to avoid the confounding effect
of microtopographic position (upland and lowland area) and the consequent different tree planting
densities. All statistical computations were performed in R statistics [50].
2.3.1. Species Richness and Diversity
The EstimateS package [51] was used to construct sample-based species-accumulation curves.
To achieve this, we pooled all of the species data per habitat. Two non-parametric estimators for
abundance data, abundance-based coverage estimator (ACE) and Chao1 (a species richness estimator
named afer Chao who developed in 1984) were used to estimate species richness [52]. The level of
sampling completeness was computed by dividing the number of species found by the projected
number of species using ACE and Chao1 [53].
Simpson’s evenness index (E1/D) and Simpson’s diversity index (D) were used as measures of tree
diversity. Simpson diversity was computed with the EstimateS package [51] using species abundance
data [54]. Simpson’s evenness was computed as E1/D = (1/D)/S, where D represents Simpson’s
diversity index and S represents the number of species [54]. Species richness (observed), evenness and
diversity indices were compared across habitats using generalized linear models (GLMs), the Gaussian
family (MASS package [55]), followed by the Tukey post hoc test to separate habitats with significant
differences at p < 0.05 (multcomp package [56]).
2.3.2. Species Composition and Abundance
To assess whether restoration habitats are progressing towards or diverging from the reference
habitat in terms of species composition and abundance, a non-metric multidimensional scaling
(NMDS) ordination analysis based on the Bray–Curtis index was used (Vegan: Community Ecology
package [57]). Two analyses of species composition were performed. The first analysis assessed species
composition in the upland and lowland area of each habitat, separately. In the second analysis, both the
upland and lowland areas within each habitat were combined in order to assess species composition
per habitat. Patterns of species similarity shown in the NMDS were confirmed using analysis of
similarity (ANOSIM) (Vegan: Community Ecology package [57]).
2.3.3. Vegetation Structure and Litter Accumulation
GLMs were applied using the Gaussian family (MASS package [55]) to compare tree stem density,
tree height and litter depth across habitats. GLMs were also applied using the logit function, the
quasibinomial family (MASS package [55]), to compare the percentage of tree canopy cover, herbaceous
layer cover, IAP cover and litter layer cover, as well as species successional type across habitats. Species
successional type data were calculated in terms of proportional values per plot, i.e., the number of
individuals within a successional type divided by the total number of individuals within the plot.
Statistical analyses were followed by a Tukey post hoc test to separate habitats with significant
differences at p < 0.05 (multcomp package [56]).
2.3.4. Pollination and Seed Dispersal
Community-weighted mean trait values for pollination and seed dispersal traits were
computed [58,59]. Traits were computed in terms of proportion per plot using species abundance.
Species abundance data were used, as they show the pollination/seed dispersal category state similarity
of individuals, independent of species identity, within plots and habitats [48]. We first compared
each pollination and seed dispersal category across habitats using the GLMs, logit function, the
quasibinomial family (MASS package [55]), followed by a Tukey post hoc test (multcomp package [56]).
We then assessed the pollination and seed dispersal categories’ composition across habitats using the
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NMDS, followed by the ANOSIM, to separate habitats with significant differences at p < 0.05 (Vegan:
Community Ecology package [57]).
2.3.5. Plant Regeneration
Seedling recruitment levels were not compared across habitats statistically since only a few species
with low densities were recruited in the restored habitats. Only the mean density per subplot (4 m2) of
recruited species across the habitats was computed.
3. Results
3.1. Plant Species Richness and Diversity
Species accumulation curves based on ACE and Chao1 showed that increased sampling would
have revealed more species (Figure S1). Sampling completeness was adequate in all cases, with
values ranging from 75.6–82.8% in the zero-year-old habitat, 93.7–95.3% in the three-year-old habitat,
88.9–91.6% in the five-year-old habitat and 87.2–87.5% in the reference habitat. Tree species richness
differed across habitats. In the upland area, 29, 22, 29 and 48 tree species were recorded in the 0-, 3-,
5-year-old and the reference habitats, respectively. In the lowland area, 18, 31, 36 and 40 tree species
were recorded in the 0-, 3-, 5-year-old and the reference habitats, respectively (see Table S1). When
data for all of the species were pooled per habitat, 36, 40, 44 and 70 species were recorded in the 0-,
3-, 5-year-old and reference habitats, respectively. The shared species among restored habitats and
between restored and reference habitats ranged from 24–40 tree species. Overall, 59 tree species were
recorded in habitats under restoration, of which 49 species were shared with the reference habitat
(Table S1).
Species richness, Simpson’s evenness and Simpson’s diversity varied significantly across habitats
(Table 1). In the upland area, the reference habitat had the highest species richness, significantly
(χ2 = 9.36; p < 0.05) higher than the three-year-old habitat; however, richness among the habitats
under restoration was statistically comparable. Species evenness was highest in the zero-year-old
habitat, significantly (χ2 = 8.97; p < 0.05) higher than the five-year-old habitat. Species were most
diverse in the reference habitat, being significantly (χ2 = 9.95; p < 0.05) greater than the three- and
five-year-old habitats.










Diversity Pioneer Understorey Climax
0-year-old 11.3 ± 1.86ab 0.87 ± 0.03a 2.9 ± 0.47ab 0.59 ± 0.05a 0.17 ± 0.05ab 0.27 ± 0.03a
3-year-old 8.6 ± 3.55b 0.83 ± 0.04ab 1.9 ± 0.85b 0.54 ± 0.20a 0.05 ± 0.06a 0.40 ± 0.22ab
5-year-old 10.1 ± 4.16ab 0.78 ± 0.07b 2.2 ± 0.85b 0.51 ± 0.12a 0.15 ± 0.09ab 0.32 ± 0.10ab






Diversity Pioneer Understorey Climax
0-year-old 6.0 ± 0.89a 0.90 ± 0.02a 1.4 ± 0.26a 0.53 ± 0.08a 0.18 ± 0.02a 0.27 ± 0.10a
3-year-old 12.6 ± 2.58b 0.80 ± 0.06b 2.8 ± 0.57b 0.63 ± 0.09a 0.11 ± 0.07a 0.25 ± 0.08a
5-year-old 11.3 ± 3.26b 0.89 ± 0.04a 2.7 ± 0.72b 0.57 ± 0.10a 0.16 ± 0.07a 0.25 ± 0.04a
Reference 11.16 ± 3.18b 0.87 ± 0.05ab 2.8 ± 0.60b 0.59 ± 0.33a 0.07 ± 0.04a 0.32 ± 0.27a
Different letters indicate significant difference across habitats at p < 0.05.
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In the lowland area, the zero-year-old habitat had the lowest species richness, significantly
(χ2 = 21.66; p < 0.05) lower than all of the other habitats. The three-year-old habitat had the lowest
species evenness, significantly (χ2 = 12.87; p < 0.01) lower than the zero- and five-year-old habitats.
Species diversity showed a similar trend to species richness (χ2 = 25.55; p < 0.01).
3.2. Species Abundance and Composition
In the upland area, the NMDS ordination showed that habitats under restoration clustered
together (Figure 1a), and this was confirmed by the analysis of similarity (ANOSIM), which showed
that habitats under restoration were more similar in terms of species composition and abundance.
The reference habitat was significantly (F = 6.241; p < 0.01) different from the habitats under restoration.
In the lowland area, the NMDS ordination showed the separation of habitats with low similarity
(Figure 1b). The ANOSIM confirmed that habitats were significantly different (F = 21.080, p < 0.01)
except the five-year-old and reference habitats. For overall species composition per habitat, the NMDS
showed variation across the habitats (see Figure S2), except between the zero- and three-year-old
habitats. The ANOSIM showed that the zero- and three-year-old habitats were similar and significantly
different (F = 21.740; p < 0.05) from the five-year-old and the reference habitats, which were
themselves similar.
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Figure 1. Non-metric multidimensional scaling ( S) ordination plot showing tree species
composition in the (a) upland and (b) lowland areas. The NMDS w s based on the Bray–Curtis
similarity index computed using species abundance data.
3.3. Vegetation Structure
Species successional type proportion in the upland area varied significantly across habitats while
no significant variation occurred in the lowland area (Table 1). In the upland area, pioneer species
were most abundant in habitats under restoration, significantly (χ2 = 20.44; p < 0.01) great r than
the reference habitat. The reference habitat had the highest climax and understorey species richness,
significantly (χ2 = 9.76; p < 0.05 and χ2 = 11.62; p < 0.05, respectively) greater than the zero- and
three-year-old habitats, respectively.
Tree density, height and canopy cover and herbaceous layer cover varied significantly across
habitats (Table 2). In the upland area, tree density was statistically comparable across habitats.
Unsurprisingly, t e reference habitat had the tallest trees, significantly (χ2 = 104.7; p < 0.01) taller than
the other habitats. Tree height in the three- and five-year-old habitats was statistically comparable.
Tree canopy cover varied significantly (χ2 = 43.72; p < 0.01) across habitats. The reference habitat had
the highest cover, followed by the 5-, 3- and then 0-year-old habitats. Herbaceous layer cover was
statistically comparable across habitats. In the lowland area, the three-year-old habitat had the highest
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tree density, significantly (χ2 = 12.76; p < 0.01) higher than all of the other habitats. Tree density per ha
in the zero-year-old habitat was much lower (mean: 783 trees/ha) than the expected average density
of 2000 trees per ha for the lowland area. Tree height and canopy cover showed a similar trend to
the upland area (χ2 = 112.70; p < 0.01 and χ2 = 206.36; p < 0.01, respectively). The reference habitat
had the lowest herbaceous layer cover, significantly (χ2 = 18.48; p < 0.01) lower than the zero- and
three-year-old habitats. Herbaceous layer cover was not statistically different across the habitats
under restoration.
Table 2. Measures of vegetation structure and litter accumulation (mean ± SD).
Upland Area
Habitat
Vegetation Structure Litter Accumulation
TD (#) TH (m) TCC (%) HLC (%) IAPsC (%) LLC (%) LD (cm)
0-year-old 34.1 ± 7.02a 0.52 ± 0.06a 5.0 ± 0.00a 60.8 ± 8.7a 5.2 ± 3.68a 19.5 ± 13.82a 0.35 ± 0.22b
3-year-old 51.8 ± 8.79a 1.5 ± 0.41b 20.8 ± 9.17b 68.7 ± 21.73a 14.4 ± 3.29a 42.08 ± 30.52b 0.49 ± 0.36b
5-year-old 53.8 ± 25.34a 2.0 ± 0.47b 45.04.47c 70.8 ± 25.8a 40.7 ± 21.97b 40.83 ± 32.97b 0.47 ± 0.21b
Reference 34.3 ± 12.59a 12.8 ± 4.75c 79.1 ± 11.58d 60.3 ± 11.96a 8.1 ± 5.74a 93.75 ± 7.02c 1.14 ± 0.32a
Lowland Area
Habitat TD (#) TH (m) TCC (%) HLC (%) IAPsC (%) LLC (%) LD (cm)
0-year-old 31.3 ± 7.08a 0.38 ± 0.06a 5.0 ± 0.00a 78.7 ± 10.62a 3.8 ± 0.95a 62.5 ± 37.40a 0.72 ± 0.56ab
3-year-old 58.1 ± 17.73b 1.9 ± 0.28b 27.5 ± 5.24b 78.9 ± 15.27a 20.0 ± 18.6ab 68.9 ± 27.00a 0.84 ± 0.29ab
5-year-old 43.6 ± 10.25a 2.1 ± 0.23b 50.0 ± 4.47c 63.7 ± 19.03ab 33.7 ± 25.46b 68.5 ± 21.58a 0.52 ± 0.19b
Reference 37.1 ± 16.79a 9.8 ± 3.37c 88.3 ± 9.3d 45.0 ± 11.58b 2.5 ± 2.23a 98.3 ± 2.17b 1.22 ± 0.64a
TD, tree density; TH, tree height; TCC, tree canopy cover; HLC, herbaceous layer cover; IAPsC, invasive alien plants
cover; LLC, litter layer cover; LD, litter depth. Different letters indicate a significant difference across habitats at
p < 0.05.
3.4. Invasive Alien Plants
Five aggressive/widely-spread woody IAPs in South Africa were recorded (see Table S3), with
Chromolaena odorata (L.) King and Robinson (Asteraceae) being the most common invader. The IAP
cover increased with restoration age in both the upland and lowland areas (Table 2). In the upland
area, IAP cover in the five-year-old habitat was significantly (χ2 = 43.72; p < 0.01) greater than the
other habitats. In the lowland area, IAP cover in the five-year-old habitat was significantly (χ2 = 17.18;
p < 0.01) greater than in the zero-year-old and the reference habitat.
3.5. Ecological Processes
Litter accumulation varied significantly across habitats (Table 2). In the upland area, the reference
habitat had the highest litter layer cover, significantly (χ2 = 31.77; p < 0.01) higher than all of the
habitats under restoration. Among the habitats under restoration, the zero-year-old habitat had the
lowest litter cover, significantly (χ2 = 31.77; p < 0.01) lower than the three- and five-year-old habitats.
The reference habitat also had the deepest litter, significantly (χ2 = 27.17; p < 0.01) deeper than the
habitats under restoration; however, litter depth was statistically comparable among the habitats under
restoration. In the lowland area, the reference habitat had the highest litter layer cover, significantly
(χ2 = 11.32; p < 0.05) higher than the habitats under restoration; however, litter layer cover among the
habitats under restoration was statistically comparable. The reference habitat had the deepest litter,
but was only significantly (χ2 = 10.26; p < 0.05) deeper than the five-year-old habitat. Litter depth
among the habitats under restoration was statistically comparable.
In the upland area, pollination categories were statistically comparable among the habitats
under restoration; however, significant differences occurred between the habitats under restoration
and the reference habitat, in some categories (Table 3). Bee-pollinated species were most abundant
in the reference habitat, significantly (χ2 = 13.35; p < 0.01) higher than the five-year-old habitat.
Bird-pollinated species were most abundant in the zero- and five-year-old habitats, significantly
(χ2 = 11.36; p < 0.01) higher than the reference habitat. Fly-pollinated species were most abundant in
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the five-year-old habitat, significantly (χ2 = 10.13; p < 0.05) higher than the reference habitat. The
NMDS ordination for pollination trait composition showed that the zero- and three-year-old habitats
were closer to the reference habitat in the ordination space, but the three-year-old habitat was also
close to the five-year-old habitat (Figure 2a). This was confirmed by the ANOSIM, which showed that
the zero-, three-year-old and reference habitats were similar, and the five 5-year-old habitat was only
significantly (F = 8.42; p < 0.01) different from the zero-year-old and the reference habitats.
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In the lowland area, some pollination categories varied significantly, while some were statistically
comparable across habitats (Table 3). Bee-pollinated species were most abundant in the zero-year-old
habitat, but only significantly (χ2 = 18.63; p < 0.01) higher than the three- and five-year-old habitats.
Bird-pollinated species were most abundant in the five-year-old habitat, but only significantly
(χ2 = 44.64, p < 0.01) higher than the zero-year-old and the reference habitats. Butterfly-pollinated
species were most abundant in the five-year-old reference habitats, but only significantly (χ2 = 20.78;
p < 0.01) higher than the zero-year-old habitat. Fly-pollinated species were most abundant in the
three- and five-year-old habitats, but only significantly (χ2 = 11.09; p < 0.05) higher than the reference
habitat. The ‘other’ pollination category was most abundant in the reference habitat, but only
significantly (χ2 = 9.24; p < 0.05) higher than the zero-year-old habitat. The NMDS ordination showed
that the zero-year-old habitat was close to the reference habitat and the three-year-old habitat close to
the five-year-old habitat (Figure 2b). The ANOSIM confirmed that the zero-year-old and the reference
habitats were similar and significantly (F = 9.34; p < 0.01) different from the three- and five-year-old
habitats, which were themselves similar.
Seed dispersal categories were not statistically different across habitats in the upland area, except
mammal-dispersed species. In the lowland area, only three categories differed significantly across
habitats (Table 3). The five-year-old habitat had the lowest abundance of mammal-dispersed species,
but only significantly (χ2 = 11.97; p < 0.05) different from the reference habitat. In the upland area, the
NMDS ordination for seed dispersal trait composition showed that all of the habitats were closer to
each other (Figure 3a); the ANOSIM also showed that all of the habitats were similar. In the lowland
area, ballistic-dispersed species were most abundant in the reference habitat, but only significantly
(χ2 = 12.04; p < 0.01) higher than the zero-year-old habitat. Bird-dispersed species were most abundant
in the zero-year-old habitat, but only significantly (χ2 = 13.22; p < 0.01) higher than the five-year-old
and the reference habitats. Mammal-dispersed species were most abundant in the zero-year-old
habitat, significantly (χ2 = 14.22; p < 0.01) higher than all other habitats. The NMDS ordination showed
no clear separation among the habitats (Figure 3b). However, the ANOSIM showed that all habitats
were similar.
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upland and (b) lowland areas. The NMDS was based on the Bray–Curtis similarity index computed
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Native tree seedling recruitment increased with restoration age (Table 4). In the upland area,
two, one, eight and 21 species were recorded in the 0-, 3-, 5-year-old and the reference habitats,
respectively. In the lowland area, three, 12 and 23 species were recorded in the three-, five-year-old
and the reference habitats, respectively. The dominant seedling species were Dalbergia obovata E.Mey.
(Fabaceae), Combretum molle R.Br. ex G.Don (Combretaceae), Dalbergia armata E.Mey. (Fabaceae) and
Kraussia floribunda Harv. (Rubiaceae) in the reference habitat, Diospyros lycioides Desf. (Ebenaceae) in
the five-year-old habitat and Searsia rehmanniana (Engl.) Moffet (Anacardiaceae) in both the zero- and
three-year-old habitats. Bird-dispersed species were the most dominant across all habitats, followed
by mammal-dispersed species.
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Table 3. Species pollination and seed dispersal categories proportion across habitats (mean ± SD).
Upland Area
Habitat
Pollination Categories Seed Dispersal Categories
Bee Beetle Bird Butterfly Fly ‘Other’ Ballistic Bird Mammal Wind ‘Other’
0-year-old 0.40 ± 0.15ab 0.06 ± 0.02a 0.29 ± 0.06a 0.02 ± 0.01a 0.35 ± 0.08ab 0.30 ± 0.11a 0.15 ± 0.07a 0.40 ± 0.20a 0.24 ± 0.18ab 0.35 ± 0.16a 0.13 ± 0.02a
3-year-old 0.37 ± 0.20ab 0.07 ± 0.02a 0.20 ± 0.15ab 0.02 ± 0.01a 0.36 ± 0.14ab 0.35 ± 0.16a 0.12 ± 0.10a 0.55 ± 0.35a 0.35 ± 0.07ab 0.28 ± 0.06a 0.04 ± 0.01a
5-year-old 0.26 ± 0.02b 0.09 ± 0.04a 0.29 ± 0.10a 0.03 ± 0.01a 0.54 ± 0.14a 0.25 ± 0.18a 0.20 ± 0.04a 0.44 ± 0.26a 0.17 ± 0.13b 0.31 ± 0.11a 0.08 ± 0.03a
Reference 0.54 ± 0.04a 0.07 ± 0.02a 0.13 ± 0.05b 0.06 ± 0.01a 0.30 ± 0.16b 0.27 ± 0.12a 0.13 ± 0.1a 0.55 ± 0.18a 0.43 ± 0.13a 0.25 ± 0.14a 0.11 ± 0.09a
Lowland Area
Habitat Bee Beetle Bird Butterfly Fly ‘Other’ Ballistic Bird Mammal Wind ‘Other’
0-year-old 0.58 ± 0.14a 0.15 ± 0.11a 0.04 ± 0.01a 0.01 ± 0.00a 0.33 ± 0.14ab 0.13 ± 0.05a 0.01 ± 0.00a 0.66 ± 0.17a 0.58 ± 0.20a 0.17 ± 0.13a 0.02 ± 0.01a
3-year-old 0.39 ± 0.11bc 0.08 ± 0.01a 0.28 ± 0.18b 0.04 ± 0.03b 0.40 ± 0.08b 0.24 ± 0.11ab 0.16 ± 0.11ab 0.59 ± 0.07ab 0.24 ± 0.11b 0.30 ± 0.06a 0.08 ± 0.05a
5-year-old 0.32 ± 0.10c 0.15 ± 0.03a 0.31 ± 0.03b 0.06 ± 0.04b 0.40 ± 0.13b 0.27 ± 0.08ab 0.24 ± 0.15b 0.35 ± 0.13b 0.24 ± 0.18b 0.31 ± 0.03a 0.09 ± 0.06a
Reference 0.53 ± 0.10ab 0.07 ± 0.08a 0.04 ± 0.01a 0.06 ± 0.02b 0.22 ± 0.04a 0.31 ± 0.10b 0.28 ± 0.10b 0.38 ± 0.26b 0.28 ± 0.18b 0.30 ± 0.10a 0.03 ± 0.01a
Different letters indicate significant difference across habitats at p < 0.05.
Table 4. Mean woody seedlings density (seedlings or saplings per 4 m2) and their dispersal agent categories across habitats.
Plant Species Dispersal Category
Seedling Density
Upland Lowland
0-Year-Old 3-Year-Old 5-Year-Old Reference 0-Year-Old 3-Year-Old 5-Year-Old Reference
Albizia adianthifolia Gravity 0 0 0 0.83 0 0 0 2.66
Brachylaena discolour Wind 0 0 0 0.67 0 0 0 0
Bridelia micrantha Birds 0.17 0.17 0.33 0 0 0.17 0.17 0.33
Canthium inerme Birds/Mammals 0 0 0 0 0 0 0 0.17
Celtis africana Birds 0 0 0 0.17 0 0 0 0.67
Clausena anisata Birds 0 0 0 0.50 0 0 0 0
Clerodendrum glabrum Birds 0 0 0 0.17 0 0 0 0
Combretum molle Wind 0 0 0 1.83 0 0 0 0
Croton sylvaticus Birds/Mammals 0 0 0 0 0 0 0 0.33
Cryptocarya woodii Birds 0 0 0 1.33 0 0 0 0
Dalbergia armata Wind 0 0 0 1.83 0 0 0.17 5.67
Dalbergia obovata Wind 0 0 0 8.67 0 0.17 0.33 1.16
Diospyros lycioides Birds/Mammals 0 0 0.67 0 0 0 0 0
Diospyros scabrida Birds 0 0 0 1.33 0 0 0 1.00
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Table 4. Cont.
Plant Species Dispersal Category
Seedling Density
Upland Lowland
0-Year-Old 3-Year-Old 5-Year-Old Reference 0-Year-Old 3-Year-Old 5-Year-Old Reference
Erythrina sp. Birds 0 0 0 0 0 0.17 0.17 0
Euclea natalensis subsp. rotundifolia Birds/Mammals 0 0 0 0.17 0 0 0 0
Gymnosporia buxifolia Birds 0 0 0 0 0 0 0 0.50
Harpephyllum caffrum Birds/Mammals 0 0 0 0.17 0 0 0 0.17
Heteropyxis natalensis Wind 0 0 0 0.50 0 0 0 0
Kraussia floribunda Birds/Mammals 0 0 0.17 1.50 0 0 0.67 0.50
Macaranga capensis Birds/Ballistic 0 0 0 0 0 0 0 0.17
Manilkara discolor Birds/Mammals 0 0 0 0 0 0 0 3.67
Phoenix reclinata Birds/Mammals 0 0 0 0 0 0 0 0.17
Protorhus longifolia Birds/Mammals 0 0 0 1.00 0 0 0 2
Rauvolfia caffra Birds/Mammals 0 0 0 0 0 0.17 0 0
Rhoicissus tomentosa Birds/Mammals 0 0 0 0.17 0 0 0 0.83
Schrebera alata Wind 0 0 0 0 0 0 0.5 0.33
Sclerocarya birrea subsp. caffra Mammals 0 0 0 0 0 0.17 0 0
Sclerocroton integerrimus Birds/Mammals 0 0 0.33 0.33 0 0 0 0
Searsia lucida Birds 0 0 0 0 0 0 0.17 0
Searsia chirindensis Birds/Mammals 0 0 0 0.33 0 0 0.5 0
Searsia dentata Birds 0 0 0.17 0 0 0 0.83 0
Searsia rehmanniana Birds 0.33 0 0.17 0 0 0.5 0 0
Searsia pentheri Mammals 0 0 0.17 0 0 0 0 0
Senegalia caffra Ballistic 0 0 0.17 0 0 0 0 0
Strychnos mitis Birds/ Mammals 0 0 0 0 0 0 0 0.33
Tabernaemontana ventricosa Birds/ Mammals 0 0 0 0 0 0 0 3.66
Tecomaria capensis Wind 0 0 0 0 0 0 0.83 0
Trema orientalis Birds/Mammals 0 0 0 0 0 0.33 0 0.17
Trichilia emetica Birds/Mammals 0 0 0 0 0 0.17 0.17 0.83
Vachellia natalitia Wind 0 0 0 0 0 0 0.17 0
Vangueria infausta Mammals 0 0 0 0.33 0 0 0 0
Zanthoxylum capense Birds 0 0 0 0.50 0 0 0 2.00
For species authorship, see Table S2.
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4. Discussion
Monitoring and assessment of restoration success are critical steps needed to provide beneficial
insight into restoration challenges and successes, which could guide the necessary management
interventions and inform best practices in the future [14,15,60]. This study used measures of species
richness, diversity, vegetation structure, IAP cover and ecological processes to assess the success of a
climate change-driven community-based reforestation project in the city of Durban, South Africa. Some
of the assessed indicators, such as vegetation structure and native tree recruitment, are progressing
towards the reference habitat. It was also interesting to note that some of the pollination and seed
dispersal categories were more abundant in habitats under restoration. However, low tree species
richness and an increase in IAP cover with an increase in restoration age were identified as the critical
threats that could compromise the project’s success. Similar findings in the same area under restoration,
but in completely different plots in the 3-, 4- and 5-year-old habitats were reported by Roy [61]. Other
studies from Australia and Brazil also reported similar threats [14,62]. This suggests that possible
management interventions are needed, and recommendations on some potential interventions are
made below.
Douwes et al. [34] assessed the nursery tree seedling stock ready for planting at the Buffelsdraai
Landfill Site and found that species that produce large fruits were the most dominant; for example,
Erythrina lysistemon Hutch. (Fabaceae), Millettia grandis (E.Mey.) Skeels (Fabaceae), Syzygium cordatum
Hochst. ex C.Krauss (Myrtaceae) and Vachellia natalitia E.Mey. (Fabaceae). Fruits of these species are
easily noticeable, thus promoting their collection by tree-preneurs. Furthermore, these species are easy
to propagate and are also fast-growing [34]. In the upland area, the three-year-old habitat had lower
species richness and diversity, while the five-year-old habitat had lower species evenness and diversity.
In the lowland area, the zero-year-old habitat had lower species richness and diversity. Although
the number of species planted in the three- and five-year-old habitats is unknown, a greater number
of fast-growing species in the nursery probably contributed to lower species richness, evenness
and diversity in the restored compared with the reference habitat. To overcome this challenge,
Douwes et al. [34] recommended that tree-preneurs should be incentivised to propagate less common
species in order to increase species richness. In the Brazilian Atlantic Forest restoration study [23], this
challenge was addressed by sourcing planting stock from both community-based seed collectors and
professional seed collectors, to increase species richness.
Species richness, evenness and diversity indices (e.g., Simpson’s evenness and Simpson’s
diversity) are widely used as indicators for assessing diversity between habitats under restoration and
the reference communities, because they provide useful information on community state (e.g., [15,16]).
However, when assessing restoration, these indicators need to be carefully interpreted, because
diversity indicators might be similar or higher in the habitats under restoration than the reference,
but their species composition significantly different [63]. For example, in the lowland area, the
three-year-old habitat species richness, evenness and diversity showed no significant difference to
the reference habitat, but these habitats differed significantly in terms of their species composition.
Furthermore, tree density was not significantly different between the restored habitats and the reference
habitat, but the tree height and canopy cover were visibly less established in the restored habitats
in both the upland and lowland areas. However, the small size of the trees in the restored habitats
(0.38–0.52 m) did not permit the measurement of parameters (e.g., diameter at breast height and
canopy width) that could have allowed for proper structural comparisons between the reference and
restored habitats.
The use of pioneer (fast-growing, but shade intolerant species) is the most recommended approach
in forest restoration projects. These species create a canopy cover that shades out weeds, decreases fire
risk and creates conditions suitable for the colonization of understorey and climax species (e.g., [64–66]).
However, in the Brazilian Atlantic Forest, restoration of degraded lands using pioneer tree species
resulted in the failure of many projects. When only pioneer trees were used, they matured and died
before climax species could colonize the area [64]. In this study, all habitats under restoration in both
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the upland and lowland areas were dominated by pioneer tree species that have the ability to shade
out weeds and create favourable conditions for understorey and climax species to colonize. Although
climax and understorey species were present in the habitats under restoration, there were fewer climax
and understorey species in the upland areas of the zero-and three-year-old habitats, respectively. We
recommend that their abundance be increased through enrichment planting (planting of more species
in areas that have been planted before) under the established canopies of pioneer species to avoid the
situation reported by Rodrigues et al. [64].
Reforestation reports can sometimes contain information that is different from what was actually
done in the field [14]. For example, in the reforestation of the rainforest in North Queensland,
Australia, audits found that the sites only had half of the plantings documented in the project
reports. Furthermore, the forested area was unlikely to develop into rainforest as a result of poor tree
establishment, probably caused by a lack of ongoing site maintenance [14]. Therefore, it is critical to do
a species assessment at an early stage so that necessary management interventions can be implemented
to avoid poor tree establishment. For example, our study showed that an additional 14.8 and 60.8%
of trees should be planted in the upland and lowland area for the zero-year-old habitat to achieve an
average density of 1000 and 2000 trees per ha, respectively. A higher tree density in the upland area of
the three- and five-year-old habitats (29.5 and 34.5% more trees, respectively) probably occurred as a
result of dead tree replacement intervention. We suspect that tree replacement was carried out based
on dead stem observations, because after a careful assessment (removal of litter around the base of
dead tree stems) of the planted habitats that were more than a year older [67], it was found that most
of the dead tree stems were coppiced at the base of the stem. Furthermore, in both the upland and
lowland areas for the zero-year-old habitat, one month after planting (March 2015), some species lost
their leaves accompanied by drying of stems, as a result of soil moisture stress, but re-sprouted eight
months after. Therefore, the design of tree replanting interventions should be based on the outcomes
of an assessment of tree mortality.
Mature native forests are characterized by a well-established structure that constitutes trees of
different sizes, high canopy cover and understorey [68]. It takes decades to centuries for habitats
under reforestation to develop the full structure of a mature forest [69]. Tree canopy cover is an
important developmental stage in reforestation habitats, because it creates suitable conditions for forest
succession by reducing irradiance, soil temperature and shading out weeds [10,70,71]. In reforestation
habitats, tree canopy cover is a good indicator of forest development within the first decade following
reforestation [10]. A full canopy cover can be achieved within two decades by planting more trees
per hectare (e.g., 2500 trees/ha) [61]) and fast-growing tree species, especially in the tropical and
subtropical areas [70,72]. In this study, the reference habitat had tall trees with a higher canopy cover
compared with the reforested habitats. However, tree height and canopy cover in the three- and
five-year-old habitats in both the upland and lowland areas showed rapid development. This rapid
tree height and canopy cover development is attributed to the dominance of fast-growing species such
as Bridelia micrantha (Hochst.) Baill. (Phyllanthaceae), E. lysistemon, D. obovata and V. natalitia [73].
The zero-year-old habitat was also dominated with fast-growing tree species in both the upland and
lowland areas. It is expected that tree height and canopy cover will also develop rapidly in this habitat.
The colonization of reforested habitats by weeds (graminoids and forbs) and IAPs is
a serious concern, because this can lead to restoration failure if weed/IAP management is
inadequate/unsuitable [4,14]. It is therefore critical to continuously monitor the presence, expansion
and distribution of IAPs. This is also because habitats that have been subjected to anthropogenic
disturbance (e.g., agriculture) particularly in close proximity to cities are more vulnerable and highly
likely to be invaded (e.g., [74]). Repeated removal of IAPs can increase native tree recruitment and tree
species diversity [4]. Furthermore, past studies have found a decrease in IAP cover with an increase in
natural forest tree canopy cover (e.g., [75]). Chromolaena odorata is now becoming a serious problem in
the upland area of the five-year-old habitat and in the lowland area of both the three- and five-year-old
habitats. At the Buffelsdraai Landfill Site, C. odorata plants are cut (about 5 cm from the ground) once a
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year, but there is no follow up to kill the trimmed stems via herbicide application. As a result, the stems
were coppiced, creating impenetrable C. odorata thickets (see Figure S3). Repeated cutting coupled
with a higher abundance of fast-growing pioneer species such as B. micrantha, E. lysistemon, D. obovata
and V. natalitia [73] can lead to a decline in weeds and IAP cover. We therefore suggest that in recently
(e.g., zero-year-old habitat) and future reforested habitats, IAPs should be uprooted and not cut, since
these habitats are dominated by juvenile plants. Furthermore, all of the common IAPs present in the
restored habitats have established biological control agents [76,77]. Therefore, biological control should
also be prioritized as an alternative IAP management option.
Additionally, the presence of weeds (graminoids and forbs) and IAPs (e.g., C. odorata) can alter
fire regimes by increasing fuel load, fire frequency and intensity [1,78]. Wildfire breakout is a major
threat to forests and reforestation projects; therefore, fire prevention and suppression strategies should
always be in place to avoid forest loss (e.g., [78–80]). For example, in 2008, forest and thickets were
lost as a result of fire in Hluhluwe Game Reserve, South Africa [81]. One of the possible contributing
factors to the large impact of this fire was the heavy infestation of C. odorata that contains essential oils
in the leaves, making it highly flammable [82,83] and capable of generating high flames that reach the
tree canopy [11]. Wildfire breakout, particularly in autumn and winter, is one of the biggest threats
to the Buffelsdraai Landfill Site, which can hamper reforestation success. If unmanaged, these fires
can lead to seedling mortalities in forests [79]. At present, graminoids and forbs surrounding the
restored habitats are removed to create fire breaks, and other fire management interventions include a
fire fighting team that is always on standby to respond to any fire incident to curb fire-induced tree
loss [84]. In the event that such mortalities are incurred, a stock of insurance trees is stored in the
on-site nursery to replace lost trees [34].
Litter that accumulates on the forest floor is a basic component of almost all forests and is an
essential contributor towards nutrient cycling [23]. Litter accumulation is regulated by multiple
biological (e.g., tree age, plant species and forest composition) and climatic (e.g., rainfall, temperature
and humidity) factors [23]. Higher levels of litter accumulation were observed in both the upland
and lowland areas in the reference habitat than those under restoration. Higher litter accumulation
levels in the reference habitat are attributed to its tall trees with wider canopies and a well-developed
understorey. In the young, restored habitats, litter accumulation presumably takes a relatively longer
time than the reference habitat as trees do not have fully developed canopies and hence do not shed
much leaf litter (as reported in Rubiano-Cardona [23]). At present, the herbaceous understory layer
is contributing more to litter accumulation in both the upland and lowland areas of the restored
habitats. However, it is expected that as tree height and canopy increase with restoration age, coupled
with the development of the understorey layer, this role will be fulfilled by the trees (as reported in
Kanowski et al. [85]).
Numerous studies on reforestation have shown the importance of including tree species that
are attractive to animals in order to promote key ecological process, such as pollination and seed
dispersal [66,85], that ensure the long-term stability of an ecosystem [86]. Our study showed that
though most of the pollination and seed dispersal categories were abundant in habitats under
restoration, some habitats lacked certain pollination and seed dispersal categories entirely. For
example, there were fewer bee-pollinated species in both the upland and lowland areas of the
five-year-old-habitat, while ballistic-dispersed species were scarcer in the lowland area of the
zero-year-old habitat. We therefore recommend that during enrichment planting, these habitats
should be supplemented with species belonging to categories that are lacking in order to increase their
ecosystem functioning. Some studies have shown that mobile pollination and seed dispersal agents
actively move between established and non-established patches [87,88], thus increasing the chances of
pollination and seed dispersal in non-established patches. Furthermore, the attractiveness of areas
under reforestation to pollinators and dispersal agents develops over time and can be assessed as the
trees mature. In our study, flowering, pollination and fruiting (Figure 4) observed in both upland
and lowland areas of the three- and five-year-old habitats suggest that areas under restoration are
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becoming more attractive to pollinators and frugivores. An increase in bird species richness from
91–145 over a five-year period [34] supports this claim.Forests 2017, 8, 255 16 of 21 
 
 
Figure 4. Flowering, pollination and fruiting in the three- and five-year-old habitats. (a) Erythrina 
lysistemon with flowers and pods; (b) bee pollination (within the red circle) on a Dalbergia obovata 
flower; (c) Syzygium cordatum fruits; and (d) Vangueria infausta fruits. 
Seed dispersal is the last phase in the plant reproductive cycle and the first phase in the process 
of population renewal [89]. As a result, seedling recruitment is considered to be one of the key factors 
that determine the success of the long-term vegetation restoration [86]. Restoration habitats that are 
adjacent to the existing remnant forest are more likely to recover quickly as a result of colonization 
by animal seed dispersers [18,20,29]. However, the recruitment of animal-dispersed tree seedlings is 
higher in the established habitats [90]. In this study, habitats under restoration were adjacent to the 
reference habitat, and animal-dispersed seedling richness and abundance increased with an increase 
in restoration age. The lowland areas in both the three- and five-year-old habitats had higher seedling 
richness compared with the upland area (12 spp. vs. eight spp. and eight spp. vs. one spp.). A higher 
seedling richness in the lowland areas could be attributed to microclimate conditions that are 
conducive for seedling recruitment, created by tall trees with wider canopy cover (as reported in [70]). 
The recruitment of animal-dispersed species in these areas showed that frugivores are moving into 
areas under restoration and are most likely attracted by perches (established trees) and food (nectar 
and fruits). An increase in bird species richness in restoration habitats supports a higher recruitment 
of bird-dispersed species. Most of the species that are mammal dispersed at Buffelsdraai Landfill Site 
are suspected to be dispersed by vervet monkeys (Cercopithecus pygerythrus F. Cuvier, 1821 
(Cercopithecidae)) that move between the reference and restoration areas. In the restoration of mined 
coastal dune forest in Richards Bay, South Africa, Foord et al. [91] found that vervet monkeys 
influence succession in habitats under restoration, because they disperse viable seeds of different tree 
species.  
5. Conclusions 
An important recommendation emanating from the present study is that reforestation success 
assessment should be carried out in the early stages of reforestation projects in order to understand 
the ecological development trajectories and to inform necessary management interventions, to 
Figure 4. Flowering, pollination and fruiting in the three- and five-year-old habitats. (a) Erythrina
lysistemon with flowers and pods; (b) bee pollination (within the red circle) on a Dalbergia obovata flower;
(c) Syzygium cordatum fruits; and (d) Vangueria infausta fruits.
Seed dispersal is the last phase in the plant reproductive cycle and the first phase in the process of
population renewal [89]. As a result, seedling recruitment is considered to be one of the key factors
that determine the success of the long-term vegetation restoration [86]. Restoration habitats that are
adjacent to the existing remnant forest are more likely to recover quickly as a result of colonization
by animal seed dispersers [18,20,29]. However, the recruitment of animal-dispersed tree seedlings
is higher in the established habitats [90]. In this study, habitats under restoration were adjacent
to the reference habitat, and animal-dispersed seedling richness and abundance increased with an
increase in restoration age. The lowland areas in both the three- and five-year-old habitats had higher
seedling richness compared with the upland area (12 spp. vs. eight spp. and eight spp. vs. one spp.).
A higher seedling richness in the lowland areas could be attributed to microclimate conditions that
are conducive for seedling recruitment, created by tall trees with wider canopy cover (as reported
in [70]). The recruitment of animal-dispersed species in these areas showed that frugivores are moving
into areas under restoration and are most likely attracted by perches (established trees) and food
(nectar and fruits). An increase in bird species richness in restoration habitats supports a higher
recruitment of bird-dispersed species. Most of the species that are mammal dispersed at Buffelsdraai
Landfill Site are suspected to be dispersed by vervet monkeys (Cercopithecus pygerythrus F. Cuvier,
1821 (Cercopithecidae)) that move between the reference and restoration areas. In the restoration of
mined coastal dune forest in Richards Bay, South Africa, Foord et al. [91] found that vervet monkeys
influence succession in habitats under restoration, because they disperse viable seeds of different
tree species.
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5. Conclusions
An important recommendation emanating from the present study is that reforestation success
assessment should be carried out in the early stages of reforestation projects in order to understand the
ecological development trajectories and to inform necessary management interventions, to maximise
reforestation benefits [18,20,61]. The use of multiple indicators (e.g., vegetation structure, species
diversity, ecological processes and IAP cover) also gave valuable insight into the ongoing ecological
trajectories and enabled the identification of necessary management interventions. Flowering and
fruiting of planted trees, seed dispersal and the creation of favourable microclimatic conditions
conducive for native tree recruitment signify restoration success [18], and the habitats under restoration
showed some signs of success as early as three years after planting. However, enrichment planting is
needed in certain habitats due to low tree density and richness. Enrichment planting should prioritize
tree species in pollination and seed dispersal categories that are lacking. Pollination and seed dispersal
processes should be monitored during the flowering and fruiting period, so that species that lack
pollinators and dispersers can be identified and their agents introduced on site if possible [19,86]. Most
importantly, all of these indicators should form part of a long-term monitoring and evaluation strategy.
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